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STATIC  THRUST  AND  POWER  CHARACTERISTICS  OF  SIX  FULL-SCALE  PROPELLERS 

IU  Kiiwi.m  IIahtmas  and  l>wm  Hikhuaw 


SUMMARY 

Static  thrust  ami  /nan  r  measure incuts  wen  mailt  of  nix 
full -oral/  /ir«f«(/m.  Tin  pro/iellers  w  ri  mounted  in 
front  of  a  liquid-cooletl-engiui  nacrllt  ami  t rere  tested 
at  IS  different  blailt  augles  in  tht  range  Jrom  —  7‘;°  to 
35°  at  0.7S11.  The  test  rig  van  located  outdoorn  and  the 
tents  wen  mailt  umhr  conditions  of  approximately  zero 
wind  relocity. 

Airfoil  characteristics  coin  putt  d  from  tin  static-test 
data,  by  tin  singli-iioint  metlosl  di relo/n il  by  J-och,  i riri 
considerably  diffe n nt  from  tin  airfoil  characti ristics  com¬ 
puted  from  wind-tunnel-tint  data  for  tin  saint  pro/nllir 
and  nacellt  . 

Thi  tints  sltownl  ii  miirhil  retrial  ion  oj  static  thrust 
and  power  cmjhriints  with  tip  sjniiljor  tin  range  of  blinh 
angles  from  about  7J-"  to  1  .1  profulh r  with  II.  .1.  f  . 

ti  airfoil  sections  shoirid  tin  grieitist  ijfect  of  compnssi- 
bdity  and  a  prv/nllrr  with  A".  .1.  ('.  .1.  J^OO-3.'i  strim 
sections  showtd  the  least  ijfect.  .1  pro/nllir  with  a  wide 
blade  showed  much  less  effect  of  compressibility  than  a 
similar  pro/nllir  with  a  blade  of  normal  width. 

INTRODUCTION 

TIip  Malic  thrust  mill  tiin|ii«’  of  ii  full-soule  pro|M*llcr 
(tlx*  thrust  ami  the  tnnpie  at  V  nlt=tl)  arc  difficult  to 
ohUili  ill  a  wind  tunnel  because  the  pmpcllcr  itself 
rreales  a  ronsideruhle  uir  velocity  tlimuph  the  tunnel. 
Conditions  of  zero  Vlult  are.  then-fore,  never  reached  in 
normal  wind-tunnel  propeller  tests. 

Static  thrust  and  lonpie  iiieasun-iueuts  of  pmpcllers, 
if  properly  interpreted,  may  pivc  ronsideruhle  infortna- 
tion  repardinp  the  lliplit  |H-rforiuauee  of  the  pm|n-llers. 
Such  nieasun-inents  are  es|H-einlly  useful  for  stlidvinp 
the  efTeet  of  eotupressihility  and  also  for  compariup 
pn>|K-llers  with  different  airfoil  sections,  plan  forms, 
and  solidities. 

Static  thrust  is  often  used  in  tnke-oir  calculations 
and  is  a  basic  parameter  in  Diehl's  lake-oir  formulas 
(reference  I'.  To  facilitate  the  use  of  his  formulas, 
Diehl  has  collected  ii  mass  of  static-thrust  data,  which 
an-  mostly  e.xtru|H>latcd  data  fnun  wind-tunnel  tests, 
for  a  fairly  larpo  (troop  of  pnipellers  (reference  2).  The 


material  (tiven  in  reference  2,  althoii}th  it  fulfills  its 
pur|Mis«>  admirably,  lucks  the  completeness,  the  eon-e¬ 
lation.  and  the  pn-cision  neecssury  for  a  differential 
study  of  propeller  characteristics.  Other  useful,  but 
Monirwhut  incomplete,  stutic-thrust  data  an-  (tiven  in 
n-ference  3. 

Comparisons  of  the  performance  characteristics  of 
pm|icllrrs  are  clarified  thn>U(th  the  use  of  the  sinple- 
point  method  develo|>ed  by  Lock  (reference  4).  by  means 
of  which  test  data  for  a  pmpcller  obtained  in  ii  wind 
tunnel  can  easily  be  converted  to  airfoil  coeflieients 
and  represcntinii  the  pn>|)eller.  Tbn»u(tb  a 
modification  of  Lock’s  method,  Dripps  (rcfen-nce  *>l 
lots  developed  nn  alternative  method  having  |mssible 
advantaiti-s  over  Lock's  method,  lloth  metluNls  imply 
thnt  the  airfoil  eharucteristies  representing  the  pn>|K-ller 
tuny  1h-  obtained  fnun  either  wind-tunnel  or  static-test 
data,  the  same  coeflieients  licinp  obtained  in  either  rase. 
The  theory  indicates  that  static  thrust  and  torque 
measurements  of  a  propeller,  obtained  on  u  simple  out¬ 
door  test  rip.  can  be  converted  into  airfoil  coefficients 
and  then  reconverted  into  pmpcller  data  represontinp 
all  conditions  of  !’/«/>,  blade  nnple,  anil  solidity.  A 
few  simple  static-thrust  tests  would  then  conceivably 
lie  u  sulistitute  for  a  loop  series  of  ex|M-nsive  wind-tunnel 
tests. 

It  is  the  purpose  of  this  report  to  present  static- 
thrust  and  static-power  data,  for  a  proup  of  propellers 
hnvinp  modem  plan  forms,  to  be  used : 

( 1 )  For  practical  purposes  such  ns  estimatinp  takr- 
ofT  distances. 

(2i  To  show  the  cfTccts  of  variations  in  tip  speed, 
airfoil  section,  and  solidity  on  the  static 
characteristics  of  projw-llcrs  and  to  point  out 
the  implication  of  these  static  effects  in  con¬ 
nection  with  the  fliphl  performance  of  the 
propellers.  _ 

(3 1  To  check  the  method  of  Look  and  Dripps  and 
to  determine  the  ipinlity  of  the  substitution 
of  static  tests  for  wind-tunnel  test-.. 

This  rc)>ort  is  the  ninth  of  a  series  present iup  the 
results  of  an  extensive  research  propram  of  full-scale 
pnipellers  that  has  lieen  in  (impress  at  the  N.  A.  ('.  A. 
ilurinp  the  (last  2  years. 
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APPARATUS  AND  METHODS 

Tsst  rig.— The  tost  rig  whs  located  outdoors  well 
clow  of  anv  buildings  or  objorts  that  inifclit  have  an 
approcial>lo  itilluonoo  on  tbo  air  (low  through  the  pro¬ 
peller.  A  photograph  of  the  test  sot-lip  is  shown  in 
figure  !.  A  simplified  sketch  showing  how  the  thrust 
was  inetisured  is  given  in  figure  2.  The  rectangular 


PropaUan. — The  blade-form  curves  for  the  tax 
t  propellers  tested  are  given  in  figure  3.  Other  basic 
characteristics  of  tin*  pro|H*llers  are  given  in  the  follow¬ 
ing  tublc; 
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frame  u|miii  which  the  engine  is  mounted  is  aup|>ortcd  ^|r  lt  ~  *  (ji  (-|<rk ' 

at  its  forward  corners  .hi  hail  hearings  and  at  the  rear  *•*'*  ’  "•  . 
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Kn.i  k»  I  rllr»  .1?  :n*!7  HH  Utilr  I  lift  le«l  rtr 


on  knife  edges  healing  on  the  thrust-scale  platform. 
The  thrust  of  the  propeller  lends  to  rock  the  flame 
forward  ahoiil  the  hnll-l:i tiring  pivots  and  relieves  the 
load  on  the  thrust  scale.  The  thrust  is  then  equal  to 
the  change  in  thrust— eale  reading  linn's  the  ratio  of 
the  iiioiuent  arms  «  I,  The  drag,  caused  by  the  slip¬ 
stream.  of  the  InhIv,  the  struts,  and  the  wires  registered 
on  the  scale  ii«  a  negative  component  of  the  thrust. 

Engine,  nacelle,  and  dynamcmeter.  Tie*  engine, 
the  nacelle,  the  struts,  and  the  siip|Mirting  frame  are  the 
same  as  used  for  the  wind-tunnel  tests  rc|Hirted  in  refer¬ 
ence  0.  The  propellers  were  driven  by  a  OOO-horse- 
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•  Arm,  Air  «fra«in:  num»«  f 

The  propellers,  except  37-3047.  have  plan  forms  rep¬ 
resenting  modem  design  und  have  identical  ratios  of 
Wade  width  ami  thickness.  Propeller  37-3047  is  the 
same  as  propeller  580K-K0  in  every  respect  except 
that  its  blade-width  ratio  is  AO  percent  greater.  Pro- 
pollor  0023-H  was  designed  to  minimize  the  had  effects 
of  compressibility,  the  X.  A.  C.  A.  241)0-34  series  air¬ 
foil  section  used  for  the  outer  half  being  less  affected 


1‘mi  ie  2 -IMHcnmnMtK'Rkftrh  rwOmmI  «4  tnmxuhnc  ttiitc  thru** 


|M>wer  Curtiss  ( 'ompieror  engine  (<ilV-l.*i7<ll  enclosed 
in  a  liipiid-eiMiled-engiue  nacelle  of  oval  cross  section. 
The  uuccilc  was  I2li  inches  jn  length.  3s  inches  in  w  idth, 
ami  43  mein's  in  height.  The  engine  was  mounted  in 
a  cradle  fret'  to  rotate  iilmut  an  nxiv  at  one  side  of  the 
engine,  parallel  to  the  pro|M'ller  axis.  The  other  side 
of  the  eradle  rested  on  a  column  that  transmitted  the 
tonpic  force-  to  the  platform  of  a  scale,  as  shown  in 
figure  I 


by  compressibility  than  the  usual  propeller  sections. 
The  airfoil  sections  representing  the  0.70//  station  for 
the  propellers  tested  are  shown  in  figure  4.  The  X.  A. 
C.  A.  4400  series  sections  of  propeller  0023  11  extended 
only  to  the  O.nO//  station;  hut  for  purpose*  of  compari¬ 
son  the  4400  series  section,  ns  shown  in  lignre  4.  has  ii 
chord  and  a  thickness  representing  the  0.70//  station. 

Taata. —  The  propellers  wen*  tested  through  a  blade- 
angle  range  from  —  71:0  to  3ii°.  Intervals  of  2';°  were 
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taken  from  —  7';°  to  20°  anil  inlmalr  of  ft°  from  20° 
to  3ft  °.  Reading*  weir  takrn  at  into,  val*  of  appmxi- 
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1  1  •  V  u 

09  JSr — p— { ~  j~  |  ~  j  ~|  ‘  --Y--^****  ta  I  ('T~  thrust  coefficient. 

I  l\f‘~~Vfi-3S‘oir o.tsh'  i* 

OB  .33 | — » ~ f J  j  r\yr-  >  16  f  V— —  power  coefficient. 

07  !  K '>•*  whpM* 

I— 1.  »,.JL ArZy*jr',  — .—  L  .  *c4t»  V  |  T.~  T—  lit  effertive  thrust.  pounds. 

gg  £4,r—^lA/jL'3 — i — i ,  /  ?  J  T  tension  in  pn>|>eller  shaft,  pounds. 

'  /nl  ^  '  j  3lt  chanire  in  dnig  of  IhhIv  due  to  slipstream.  |iounds. 

.05  PO-Jtr'7-  \i  \ _ _  /  Q  (  p  mas*  density  of  air.  slugs  per  cubic  foot. 

~^rr~T' ..  _ _ *  propeller  speed,  revolution*  per  second. 

04  iL  L-l_] _ ...  \.  g  It  propeller  diunictcr.  feet . 

\y  ''  \  i  j^^f°66P3-Bi  — _  /*  engine  power.  foot-pounds  |>er  second. 

03  tB’f—  '~ig~  6  Other  coefficient*  and  symbols  used  ill  the  n‘|mrl  an- 

b4  — | - »  — )  ..  .  drfined  ns  follows: 

'pit  (propattv  66P3B)  4  (\.— Li ‘qS  lift  coefficient, 

f-  |  [  p— i— -  -  .  [fiqtf  tlitif;  coefficient . 

.01  -0*|—  r*— r  '  ?  {’„=  ifipn!IP~ fV/2»  lonpie  coefficient. 

|_  j  L  lift,  pounds. 

0  °p  3  4  5  «  7  ‘  e  9  0  I*  ••«!:.  pounds. 

r/B  7  dynamic  pressure,  |tound*  |»cr  square  foot 

»IMU  1  fcrw  fi mm>  <*»  wHwi  ttmqt.  iw»  K*.  mjx  h.  «ml  i?  S  ami.  wjuiirr  feft. 

/>. 4 mmmm:  ft.  tmkm  n» Ifcr m»:  r.  miww  rMHn.  >.<nmw riwH.  >.  ishiiw  ihiri^  _  ...  ,  ». 

MM.S.S~-!nc,-rV*.M«*.«.W  V  ‘W|WC.  pOUltd-foCt . 

.1/  ratio  of  lip  speed  to  s|>eed  of  sound. 

"  "  ~  - - r-=rlll 

Clark  Y  section,  propeller  3696-9  !.  *t**h»ll  radius. 

It  nidius  to  the  tip. 

- “ - - — -  f ’/*~f’ft— f effective  pndilo-drag  inefficient. 

r  _  ~ — -  f’,.,  induced-drag  mcflHent. 

R  A  F  6  section,  propeller  M86-R6  o.  angle  of  attack  with  rrspect  to  relative  wind 

when'  the  relative  wind  is  the  ve-tor  sum 

^ _ _  1  — - -  of  the  rotaUuiml.  the  forward.  and  the  in- 

_ -  ^  How  veha'iticA. 

H  ACA  2400-34  senss.ouler  half  of  propeller  6823-B 

Bash  data 

^  ~  -  The  basic  data  ohtainetl  in  the  tests  are  presented  in 

MACA  4400  series,  inner  half  of  propeller  8B23-B  figures  ft  to  lti  where,  for  each  propcIWT,  curve*  of  f, 

r»...  t-r»paio  ao.  wms ,»  -  .»  ««  »n<l  ('<-  "«*  l'lo'<wl  -W;  K"‘1'  "f  «l,r  r''rx,w 

these  figun's  is  the  average  of  sevcnil  curves  olituinetl 

inatrly  200  rpm  tlinnigii  a  range  of  projielier  speetls  from  repeutetl  test  *  at  the  same  blade  angle  Small 
from  W*n  to  I  .Mill  rpm  for  the  lower  blade  angles  and  corrections  for  wind  were  made  w  hen  necessary 
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to  full-throttle  pro|ieller  s|Htsl  for  the  higher  blade 
angles. 

Tests  wen*  made  only  on  days  when  the  w  mil  velocity 
was  xeni  or  dost'  to  /.ero.  A  ealibralisl  uurmoniclei 
was  used  to  measure  the  wind  velocity. 

RESULTS  AND  DlftOJfMION 
corrry  iKNT*  and  mvmboui 

TIm'  results  an'  expresserl  in  tenns  of  the  usual  pn>- 
lieller  cocflicients  defined  as  follows: 
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Clark  Y  section,  propeller  3696  9 


R  A  F  8  section,  propeller  UN-R6 


N  ACA  .240834  senes.outer  half  of  propeller  8523-8 


N  A  C  A  4400  series,  inner  half  of  propeller  M£3-B 
rates!  «  -ftranetr  Mi  ft  Mini  at.  m»a»anm»  af  in»  ektft  sal  am 
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Ifact  of  lip  ifNi.-  Tlw  rurvr*  in  fipin*  .1  !•>  H> 
4tnu  »br  vaiiaUm  id  Matit-tbrual  ami  atatir-pmrrr 
rnHKrimi*  uilh  li|i  tpertl  Tin*  Him  id  ramprrwi- 
bibly  j»  wmi  nuiimhlr  in  llir  niyr  id  hbilr  anpif* 
(nan  .V  in  I7V-  Ahnvr  thr  Mall  uImhu  IT's'*),  Ibw 
i»  nu  rumMtlml  Hlrrl  dual  nut  hr  aarrihrd  In  runtpnmap 
bilily  in  Ihr  rangr  »f  lip  ninth  Iralrd- 

hniiwt  uork.  hnlli  thrnrrtiral  anti  rtprrinimUl, 
indiralr.  that  I  hr  rtinw  hrln*  llir  Mall  would  la* 
raproird  l«>  rw  rrmluallv  ailli  inmuing  lip  «prrd 
until  I  hr  aprrd  of  round  a*  rarmlrd  in  Ihr  local  Hna 
•round  Ihr  blatlr  lip».  Al  ihi-  puini,  a  ahorh  uatr 
would  farm  and  Ihr  thru*!  mrffiriml  uouhl  lupin  In 
iimror,  Ihr  drmra»r  in  IbroM  bromine  irrralrr  a* 
Ihr  lip  aprotl  inrrraard  anil  a»  ntwr  id  thr  proprllrr 
hbdr  hrranir  intultrd  in  Inral  •upwiair  air  flnu» 
Thr  pmml  lr*l*  wrw  In  rtaihrni  Ihr  ihnirt ,  allla M«*fi 
■«h  proprllrr  -Vat*  K<>  apprwr*,  (nun  Ihr  Mtapr  ul  Ihr 
ihruMtmrfl'iriml  rurtra,  In  hatr  rrarhrd  ihr  rum* 
pcruaihihlf  null 

A  rlrarrr  hlra  of  Ihr  aav  in  ahirli  rumprroaibilitt 
alfrrtn  proprllrr  prrlurruanrr  H  nhlainrd  hr  runtrrl* 
mg  Ihr  proprllrr  mrflirirnU  win  airfnd  rnrArtrnl*  hr 
a  mrlbal  In  hr  ilhrawnl  birr  Thr*  narrNrti  bn 
farm  wadr  (nr  Ihr  2*tda«lr  proprllrr  .US'  K#  «rl  al 
1.1*  anil  Ihr  rnrflirirain  I  ».  ('»,  I  and  t'j*.  hatr  hnm 
plnttml  nr»M  Ihr  lip  ..pml  mint  1/  in  furunr  17 
Thr  comprroathilitt  Mall  *»  iWlrrniiitnl  a*  Ihr  |aunl 
ahrrr  Ihr  proMr-dra*  rorlKnml  hretn*  II*  aharp  (hr 
Thr  prwk  id  ihr  KIl-nrlKrinil  rurrr  h  uaually  atigblly 
hrrnud  that  ptunl  Thr  ihcromr  in  Mdumhdnjt 
nairiml  hrrnud  Ihr  riuuprvodhthlr  Mail,  dur  In 
Iran  d  Ml.  only  Marhlly  4<ri«  Ihr  ataldru  inrrraar  in 
prohlr  dm*  ll  Matuhl  hr  pninlnl  out  that  Ihr  lip 
•prod  tralur  id  .!/>  al  uhirh  Ihr  rnropfraultililr  Mall 
nrrur»  a  dl  tlrpmd  brprlr  tat  llir  proprllrr  airfnil 
arrtnui  anti  Ihr  lift  nrflnml  Thr  liflmtw  trial  inn 
imbraiaur  lb  inripirnrr  id  Ihr  rnmprrodhdilr  Mall 
rrpfroml*  ihr  rundilhur*  uilh  wrauihlr  arrurory 


Tbb  rrblitui  indiralr*  that,  (nr  any  pvni  talm-  <•(  ib«- 
ratin  t V  < V.  Ihr  liirutl  prr  unit  id  pnurr  iknron  •» 
Ihr  lip  aprod  inrrraar*  Tltr  raiin  V,  IV  may.  Im*- 
rtrr,  hr  uurd  a*  a  ftffurr  cd  tttrnl  (nr  nutt|taniii;  pm* 
|trlirn>  at  runMattl  tip  aprod- 
CwputMU  d  hp  aprod  ofoeu  Kumn*-  I*  and 
Itt  ahna  Ihr  raiin  (I‘r  f'd  phillrd  a£am»l 

llir  lip  aprod  ratin  .1/  (nr  llir  ait.  |>ro|«rUriv  ir*lnl 
Mra«unnt;  (nun  .1/  -  ••  llir  rurtr*  pir  dlirrllt  llw 
pm-mtapr  haw  in  (\  I*r  (nr  Mitre  t  alur*  id  .1/  Tin- 
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In  that  Inrmula.  ahirh  applm*  iutly  brhia  ihr  mutual 
•tall.  M»  ami  t  arr  rnuManl*  itrlmninnl  btyrlr  ht 
Ihr  airhal  rhararlrr*M»rt  id  Ihr  pmprlbT  h«l  aka> 
taryimr  uilh  Ihr  whliit  and  Ihr  pbn  tnrm 
tuttc-thraat  Ipn  d  aw*.  Thr  Hhnrotry  id  a 
proprllrr  in  pnalurinp  aUlir  UtntM  *•  hr*l  mdiralnl  hy 
ihr  magwilmlr  id  Ihr  ralht  id  lhrt«M  pnalurrtl  In  ihr 
pnarr  anpptird.  i  r  ,  T.  /'  I  dhrlMMlHt,  tht*  fururr 
■d  mrrii.  uhirh  hat  ihittrumat '.  raimnl  hr  rrprr«rulnl 
hy  ihr  raiin  id  ihr  ilimrwaaih— <  rntdhriml*  1 V  #  V 
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ruftrt  that  that,  althouph  ihr  I’r  rurtr*  Wirrraw  trilh 
M.  a*  thnun  in  fipuira  5.  7.  P,  II,  ami  Id.  ihr  ralm 
I  V  I  V  ih  rrrawt  trilb  iwrriaunp  t  alura  n(  M  Thr 
;  rwnn  ahti  Mina  I  ha  I  Ihr  fn^rllrl*  allh  Ihr  K  A  K  •• 
I  arrtinu  air,  id  frurral.  Mai  alfrrtrd  ht  rnmplrauhdilt 
!  «i*l  Ihal  proprllrr  8KS  H uilh  Ihr  X  A  I"  A  J*"1  dl 
wrrirt  trrtinn  in  Ihr  nwlrr  half  (•  IruM  afrrlnl 

AnMbrr  pnuti  id  wimr-l  in  Span  l^jiml  IP  «•  lhai 
Ihr  dMdmlr  proprlbra  pmrrolly  a  nr  Ira#  adrrinl  ht  mro- 
piraiSilr  than  ihr  2M4mlr  proprUrm  uilh  ihr  rvtir 
I  lam  »d  Ihr  (dblr  proprllrr  .17  dW7  uhirh,  allbaidi 
It  tun  an  K  A  V.  «  trrlam.  Mmartl  lilllr  rllm  «d 
nanpiradhdilt  ihrouphnul  Ihr  nw  <d  lip  •pml* 
Irtirtl  Tht«  phrmuurmui.  uhuh  n  ituihnwnl  l»t  ihr 
a  trahlurmrl  irat*  rrpntlnl  in  wdmrmv  7.  tma  i« 
imhratr  «nror  rrbtinnMup  Itrluron  rnmpnrwMIalilt 
,  ami  pbn  hum.  nr  tdadr-uallh  falin 
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WORKING  CHARTS  | 

Method  of  presentation. — Interesting  nnd  useful 
charts  are  produced  l»y  plotting  stutir-thriist  and  i 
static-power  coeflicients  for  a  given  tip  speed  against 
blade  angle  in  a  form  similar  to  the  one  used  in  pre¬ 
senting:  airfoil  coeflicients.  The  coeflicients  are  well 
adapted  to  this  form  of  presentation  and  its  familiarity 
adds  to  the  understandahility  of  the  data.  Figures  20 
to  25  are  plots  of  this  kind  for  the  six  propellers  operat-  j 
mg  at  a  tip  speed  of  one-luilf  the  speed  of  sound  j 
(.W— 0.51.  The  ratio  i'r'('r,  calculated  from  the  faired  ' 
curves,  has  also  been  plotted  in  the  figures. 

Comparison  with  airfoil  curves.— The  general  shape  j 
of  curves  in  ligures  20  to  25  is  very  similar  to  that  of  the  i 
ordinary  airfoil  curves  of  and  ('„  against  angle  of 
attack.  One  noticeable  difference  is  tliut  the  < V  curve, 
corresponding:  to  the  curve  in  airfoil-eoeflieient 
plots,  is  not  straigrht  through  the  unstalled  range  of 
blade  angles;  its  sh*pe  decreases  as  zero  (  V  is  approached. 
Probable  the  most  important  reason  for  a  nonlinear 
variation  of  (  V  with  blade  angle  is  that  the  pitch  distri¬ 
bution  change's  with  blade  anglle,  ns  may  la-  observed  in 
figure  : i .  A  similar  ami  probably  related  phenomenon 
exists  in  wind-tunnel  test-  of  propellers  where  the  angrle 
of  attack  of  the  blade  at  the  11.75/f  station  (or  any  sta¬ 
tion),  as  calculated  from  the  value  of  \"nl>  for  zero 
thrust,  decreases  with  blade-angle  setting:. 

The  curves  in  figures  20  to  25  indicate  that  the  stall 
of  the  propeller  is  somewhat  less  severe  than  the  stall  of 
a  conventional  airfoil.  This  peculiarity  is,  of  course, 
primarily  due  to  the  fact  that  the  entire  propeller  blade 
does  not  stall  at  the  same  alig.de  and  also  to  the  fact  that 
the  airfoil  sections  used  in  the  pro|»ellers  inherently 
have  mild  stalling:  characteristics. 

Comparison  with  wind-tunnel  data.—  Each  of  the 
present  propellers  had  been  tested  on  the  same  engine 
and  nacelle  in  the  20-foot  wind  tunnel.  For  comparison, 
the  values  of  static  thrust  and  static  power  obtained  by 
extrapolating:  the  wind-tunnel  tests  to  1  "nl>  0  have 
lieen  plotted  in  figures  20  to  25.  The  extrapolated  wind- 
tunnel-test  points  are,  in  grenerul,  less  rcgrular  than  the 
static-test  points:  however,  the  tip  speeds  for  the  wind- 
tiumel  tests  varied  slightly. 

Use  of  working  charts.  —  Figures  Is  and  10,  as  well 
us  figrures  20  to  25,  are  considered  to  be  working:  charts; 
from  these  figures  the  static  thrust  and  the  static  power 
for  any  of  the  propellers  tested  may  lie  obtained.  For 
fixed-pitch  propellers,  the  values  of  (\,  and  <\('r 
may  la-  picked  off  at  the  desigrn  blade  angle.  These 
values  are  for  a  tip  speed  of  one-half  the  speed  of  sound 
nnd  may  be  corrected  to  the  design  tip  speed  by  applying 
n  factor  obtained  from  figures  is  and  It).  The  value  of 
(\  ( V  corrected  for  tip  speed  may  be  converted  to  the 
following  useful  coefficient  form: 

I 

T.pll'll *  I.  Ill)  Trill)  T,l> 

Cr  I'fiirl)'  /*  2  *u<f  2  *()  | 


where  Q  is  the  engine  torque.  Most  engines  likely  to  be 
used  with  fixed-pitch  propellers  will  have  approximately 
constant  tongue  (full-power  torque)  through  the  take-off 
and  the  flying  ranges:  thus,  with  the  calculated  value  of 
engine  torque  and  the  design  diameter,  the  effective 
static,  thrust  can  be  readily  calculated. 

For  controllable  const  an  t-s|>eed  propellers,  where 
power  coefficient,  power,  and  engine  speed  remain  con¬ 
stant  during  the  take-off,  the  value  of  (  V  ( V  for  1  nH  <1 
may  he  immediately  obtained  from  figures  20  to  25  and 
corrected  to  design  tip  speed  as  before.  The  effective 
static  thrust  is  then  calculated  from  the  previously 

given  relation  f;-—  — where  all  the  terms  except  T, 
l  r  I 

arc  known. 

As  the  data  given  herein  were  obtained  with  a 
nacelle  alone,  an  increment  of  thrust  should  be  deducted 
from  the  computed  v  alues  to  account  for  the  drag  of  the 
parts  of  the  airplane,  other  than  the  nacelle,  that  lie  in 
the  slipstream.  This  factor  is,  however,  partly  compen¬ 
sated  for  by  the  fact  that  there  were  five  stmts  and 
several  wires  in  the  test  set-up,  the  drag  of  which,  like 
that  of  the  nacelle,  registered  on  the  thrust  bulance  as 
part  of  tl»‘  total  effective  thrust. 

COMPARISONS 

As  the  speed  of  all  airplane  increases  from  zero  at  the 
beginning  of  the  take-off  run  to  its  maximum  value,  the 
angles  of  attack  of  the  propeller  blade  sections  are  con¬ 
tinuously  decreasing.  The  airfoil  section  at  0.75//,  for 
example,  will  have  an  angle  of  attack  that  decreases 
from,  soy,  20°  nt  the  1  loginning  of  the  take-off  run  to 
about  0°  at  high  speed.  It  appears,  therefore,  that  the 
lierformance  of  a  propeller  through  its  flight  range  may 
be  represented,  qualitatively  at  least,  by  its  static  per¬ 
formance  through  the  range  of  blade  angles  from  nbout 
—  5°  to  25°  at  0.75/f.  A  comparison  of  the  static 
coefficients,  through  this  blade-angle  range,  of  two  pro¬ 
pellers  of  equal  solidity  will  give  a  fairly  good  qualitative 
indication  of  their  relative  flight  performances.  The 
following  comparisons,  which  are  shown  in  figures  21!  to 
2!*,  were  made  with  these  ideas  in  mind. 

Propellers  with  2  and  3  blades.— The  static-coefficient 
curves  for  the  2-blade  and  the  3-blade  propellers 
5.808  !l  are  shown  in  figure  20.  As  might  be  expected, 
the  2-blade  propeller  has  a  higher  value  of  f  V  (’<■  in 
the  unstalled  range  although,  in  the  stalled  range,  the 
3-blade  propeller  is  slightly  better.  -The  greater  inflow 
velocity  of  the  3-blade  propeller  largely  accounts  for 
both  of  these  phenomena.  The  thrust  coefficient 
of  the  3-blade  propeller  in  the  unstalled  range  is  not 
5(1  percent  greater  than  the  thrust  coefficient  <  of 
the  2-hlndc  propeller:  for  example,  the  ratio  <  ,  <  , 
at  a  blade  angle  of  10°  has  a  value  of  1.32  rather  than 
the  value  1.5  that  might  possibly  be  expected.  This 
difference  is  also  due  to  the  greater  inflow  velocity  of 
the  3-hlndc  propeller. 
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It  should  lx*  pointed  out  tliat  the  comparison  shown 
in  figure  20  is  not  of  a  practical  nature  because  the  two 
propellers  compared  have  different  power-absorption 
characteristics. 

Propellers  with  Clark  Y  and  R.  A.  P.  6  airfoil  sec¬ 
tions. — Figure  27  shows  the  static  coefficients  for  the 
3-hlnde  propellers  with  Clark  Y  and  R.  A.  F.  0  airfoil 
sections  (propellers  5868-0  and  5868-R6).  These 
curves  substantiate  a  fact  that  has  long  been  known; 
namely,  lit  low  tip  speeds,  the  R.  A.  F.  0  section  is 
better  than  the  Clark  Y  section  at  high  angles  of  attack 
but,  owing  to  higher  profde  drag,  is  j>oorer  at  low  angles 
of  attack.  From  these  curves  of  statie  coefficients,  it 
can  be  readily  predicted  that  a  propeller  with  an 
R.  A.  F.  6  section  will  have  a  lower  |>cnk  efficiency  than 
one  with  a  Clurk  Y  section;  and,  in  the  take-off  range, 
ti|>-s|>oed  effects  lieing  neglected,  a  profiler  with  an 
R.  A.  F.  6  section  will  have  a  higher  efficiency  than  a 
propeller  with  a  Clark  Y  section,  provided  that  the 
propellers  are  identical  in  all  respects  except  section. 

It  should  be  mentioned  that  the  higher  take-off 
efficiency  of  the  propeller  with  an  R.  A.  F.  6  section 
applies  mainly  to  fixed-pitch  propellers  operating  at 
low  tip  speeds.  When  the  performances  of  controllable 
profilers  having  Clark  Y  and  R.  A.  F.  (i  airfoil  sections 
are  compared  on  the  basis  of  constant  Cr,  it  will  lie 
noted  (see  fig.  27)  that,  owing  to  its  higher  power 
absorption  at  high  blade  angles,  the  blades  of  the 
pro[M'ller  with  a  Clark  Y  section  will  ojK-rate  at  a 
lower  blade  angle  than  those  of  the  profiler  with  an 
R.  A.  F.  6  section ;  ami,  since  CT;Cr  rapidly  increases  with 
a  decrease  in  blade  angle,  the  difference  between  the 
values  of  the  CT'('r  ratios  for  the  two  propellers  may 
be  much  reduced.  The  serious  effects  of  compressi¬ 
bility  on  the  performance  of  the  R.  A.  F.  6  section,  as 
indicated  in  figures  IS. anil  lit,  also  work  to  the  dis¬ 
advantage  of  the  propeller  of  R.  A.  F.  6  section  in  the 
tnke-ofr  range.  When  all  factors  are  taken  into  con¬ 
sideration,  a  controllable  pro|ieller  of  R.  A.  F.  6  section 
will  have  very  little,  if  any,  advantage  over  a  control¬ 
lable  propeller  of  Clark  Y  section  in  the  take-off  range. 

Propellers  having  the  same  solidity. —The  ratio 
<’T!('r  for  groups  of  pro|>ellcrs  having  the  same  solidity 
(ratio  of  blade  area  to  disk  area)  is  plotted  against  blade 
angle  in  figure  28  and  against  power  coefficient  in 
figure  2!>. 

The  values  of  CT  Cr  were  plotted  against  both  blade 
angle  and  (',•  for  convenience  in  comparing  fixed-pitch 
and  controllable-pitch  propellers;  in  such  cases,  blade 
angle  and  are,  respectively,  fundamental  design 
factors. 

little  discussion  of  the  figures  is  necessary  except  to 
note  that,  in  general,  the  propellers  which  are  best  in 
the  range  of  blade  angles  and  CP  representing  take-off 
are  poorest  in  the  range  representing  high-s|»eed  flight. 
Apparently,  a  compromise  must  Ih>  struck  between  high¬ 


speed  and  take-off  performance  although,  for  reasons 
given  earlier,  the  high-apeed  condition  should  probably 
be  given  the  greater  consideration. 

CONVERSION  OF  PROPELLER  COEFFICIENTS  INTO 
AIRFOIL  CHARACTERISTICS 

One  purpose  of  this  report,  as  mentioned  in  the 
introduction,  was  to  cxnmine  the  single-point  method  of 
obtaining  airfoil  characteristics  (CL,  and  a)  from 
propeller  data  with  especinl  regard  to  its  use  with  the 
present  static  propeller  data.  It  was  also  the  purpose 
of  this  report  to  determine  with  wlmt  degree  of  accuracy 
wind-tunnel-test  data  on  propellers  might  Im>  replaced 
by  static  propeller  data,  more  easily  and  cheaply  ob¬ 
tained,  that  had  !>een  converted  to  “wind-tunnel  data" 
(data  for  range  of  Vhil>  values)  by  the  single-point 
method.  The  method  has  been  applied  in  a  few  cases 
to  X.  A.  C.  A.  wind-tunnel  data  for  propellers  and  to 
the  present  static  propeller  data. 

Description  of  method. — The  single-point  method  as 
described  in  references  4  and  5  is  founded  on  the  simpli¬ 
fying  assumption  that  the  differential  thrust  and  torque 
coefficients,  dCr'dii*)  and  d('Qld{r),  when  plotted 
against  x1  produce  curves  which  are  semiellipses, 
(■ranting  this  assumption,  the  total  thrust  and  the  total 
torque  coefficients  are  merely  the  product  of  v  4  and 
the  value  of  the  differential  coefficients  at  x“=0.5.  The 
station  representing  the  whole  propeller  is  thus  found 
at  x*=(r/J?)!=0.5,  or  T—r/H-  0.707  and  is,  for  con¬ 
venience,  taken  ns  the  station  at  ().70/f.  Conversely, 
the  differential  thrust  and  torque  coefficients  for  the 
0.70 R  station  may  be  easily  obtained  if  the  total  thrust 
and  torque  coefficients  are  known  from  propeller  tests. 

With  values  of  CT,  C,.,  V/iJ),  and  blade  angle, 
obtained  from  wind-tunnel  tests,  the  differential  thrust 
and  torque  coefficients  for  the  0.70/?  station  are  easily 
obtained  and  are  then,  by  simple  geometric  relations, 
converted  to  lift  and  drag  coefficients  for  the  0.70/? 
station.  If,  for  any  one  blade  angle,  the  calculations 
ore  repeated  for  values  of  CT  and  CF  obtained  at  a 
series  of  values  of  V  nD  in  the  operating  range,  a  polar 
curve  of  CL  against  C „  for  the  0.70/?  station,  which  is 
assumed  to  represent  the  whole  propeller,  may  be 
plotted.  The  process  is  slightly  different  where  static 
data  are  used  since,  in  that  case,  VjnV—0.  The 
polar  curve  may  be  obtained,  however,  hv  using  the 
values  of  Cr  and  (V  at  a  series  of  blade  angles  from 
about  —  5®  to  35°  at  0.75/?. 

The  development  of  the  method  is  carried  further  by 
introducing  factors  representing  the  induced  velocity 
and  Goldstein’s  correction  factor  for  a  finite  number  of 
blades.  In  this  manner.  is  broken  down  into  its 
components.  C„f  and  the  angle  of  attack  of  the 
section.  a„,  is  also  obtained.  The  coefficients  and 
Ci>#  reveal  certain  fundamental  characteristics  of  the 
propeller  and  may  be  used  as  a  basis  of  comparison. 
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It  is  implied  in  references  4  mid  5  that  the  polars  of  (\ 
against  f  V*  should  he  the  same  for  static  or  wind- 
tunnel  data  uttd  for  all  solidities  and  hlade  angles. 

Airfoil  polar  curves  from  propeller  data.— Figures  :t(i 
and  .‘11  show  the  polars  for  the  2-  and  the  3-blade  pro¬ 
pellers  f>8<>8  <|  calculated  by  the  single-point  method. 
The  calculations  were  made  from  the  present  stntic- 
t hr ust  data  and  also  from  the  wind-tunnel-test  datu  of 
th<'  same  propellers  and  nacelle  given  in  reference  8. 
It  is  observed  that  the  polars  from  wind-tunnel  tests 
at  tile  three  different  blade  angles  are  not  identical, 
as  the  theory  indicates  they  should  he.  The  polars  for 
the  lfl0  and  the  2f>°  blade  angles  are  probably  as  close 
as  could  be  expected  hut  the  |>olor  for  the  3f>°  blade 
angle  is  separated  from  the  others  by  a  fairly  large 
amount.  Further,  the  | tolars  obtained  from  the  static 
tests  do  not  coincide  with  any  of  the  polars  from  the 
wind-tunnel  tests. 

Possible  causes  of  discrepancies  in  polars.— Although 
the  single-|M>int  method  is  based  on  the  assumption 
that  the  curves  of  differential  thrust  and  power  eo- 
cflicients  are  ellipses  when  plotted  against  r.  the 
method  apiiears  to  apply  reasonably  well  to  eases  where 
the  rum's  vary  considerably  from  ellipses,  (icncrally. 
in  such  cases,  the  value  of  the  differential  thrust  ami 
power  coefficients  for  the  single  representative  station 
(0.70S?)  is  approximately.  Iml  not  exactly,  equal  to  the 
total  thrust  anil  power  rocflieicnts  divided  by  r/4. 

There  arc  several  reasons  why  these  polars  do  not 
confirm  the  tliinrv.  that  is.  why  the  curves  are  not  all 
identical,  and  most  of  the  reasons  |H>int  to  factors  that 
render  the  assumptions  of  the  single-point  method  not 
wholly  justifiable.  Two  of  the  reasons  that  apply  to 
lioth  static-test  and  wind-tunnel-test  ladars  may  be 
stated  ns  follows: 

1.  The  theory  strictly  applies  only  to  propellers 
without  liodics.  The  use  of  effective  thrust  rather  than 
actual  propeller  thrust  anil,  in  addition,  the  inter¬ 
ference  of  the  IhmIv  may  tend  to  make  the  single-point 
assumption  unreliable. 

2.  The  pro|H-llcr  from  which  Driggs  (reference  5) 
obtained  the  lest  data  to  justify  the  singlc-|mint  nssump- 
tion.  ns  well  as  the  propellers  for  which  the  method  has 
proved  so  successful  in  (ireal  Britain,  differs  in  blade- 
shank  shn|>e  from  the  propellers  of  the  present  tests. 
The  present  propellers  have  long,  cylindrical,  drag- 
producing  shanks  (fig.  31;  whereas,  the  other  propellers 
mentioned  have  relatively  thin  airfoil  sections  extending 
nearly  to  the  hulls.  This  difference  in  blade  shape  will 
have  some  effect  on  the  thrust-  and  the  torque-distri¬ 
bution  curves. 

Another  reason  why  static-test  polars  should  not  co¬ 
incide  witli  the  wind-tunnel-test  |mlnrs  and  also  why 
tlie  |tolars  calculated  from  wind-tunnel  tests  at  different 
blade  angles  do  not  agree  is  Hint  the  hlade  angle  and 
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therefore  the  pitch  distribution  (see  tip.  3)  arc  continu¬ 
ously  varying  from  point  to  point  in  the  static  |>olur; 
whereas,  in  any  particular  wind-tunnel-teat  |>olnr,  the 
blade  angle  and  the  pitch  distribution  remain  constant. 
The  varying  pitch  distribution  probably  accounts  for 
some  of  the  curvature  in  the  stutic-tost  (\  curve  shown 
in  figure  32. 

The  difference  between  the  airfoil  coefficients  ob¬ 
tained  from  static  ami  from  wind-tunnel  tests  may  also 
be  due  to  the  fact  that  the  flow  around  the  propeller  in 
the  static  condition  differs  considerably  from  the  flow 
that  exists  when  the  pro|>c)lcr  is  moving  or  is  in  a  wind- 
tunnel  air  stream.  In  the  static  condition,  the  propeller 


KMit'Mt  .12  -  < 'iimiwriwm  **f  lift  i*n«t  «lm«  rorfTimni*  <4»ihmh*I  from  * imMumirl  nml 
slHfir  trsls  fttr  |*ro|*lto  •’•mir  i» 

ti|>s  an*  working  in  a  strong  vortex  that  tends  to  reduce 
the  effective  aspect  ratio  of  the  propeller  and  also,  |s-r- 
luips,  its  maximum  thrust.  This  fact  may  account  for 
the  lesser  slo|H<  of  the  static  lift  curve  in  figure  32  and 
also  for  the  lower  maximum  values  of  the  static  lift 
coefficients  in  figures  3(1  to  32. 

Propeller  polars  for  nacelle  with  apinnere. — When 
all  the  reasons  why  the  siuglc-|>oint  method  should  not 
apply  to  tests  of  these  ty|H’s  are  considered,  it  is  sur¬ 
prising  how  well  the  method  does  work.  From  the 
preceding  discussion,  it  ap|>cars  that  the  method  should 
apply  with  better  accuracy  to  tests  where  a  spinner  was 
used  to  cover  up  the  hub  nml  at  least  part  of  the  cyl¬ 
indrical  blade  shanks.  Results  from  wind-tunnel 
tests  of  the  present  propellers  and  nacelle  with  a  spinner  j 
were  available  from  reference  ti.  Figure  33  shows  the  i 


points  of  the  polars  calculated  from  wind-tunnel-test 
data  on  the  arrangement  designated  spinner  1  in  ref¬ 
erence  l>.  A  mean  line  bus  been  drawn  through  the 
|>oints  for  the  three  blade  ungles.  Inasmuch  as  no 
static  tests  with  u  spinner  were  made,  the  static  and 
the  wind-tunnel-test  polars,  with  spinner,  cannot  la- 
compared.  The  stntic  polars  from  figures  30  ami  31 
(without  spinner)  are  shown  again  in  figure  33  for  com¬ 
parison.  Theoretically,  the  two  static  fadurs  should 
coincide. 

Figure  33  indicates  that  the  single-point  metlual  of 
profiler  analysis  can  be  used  fairly  successfully  for 
wind-tunnel  tests  of  modern  profilers  provided  that 
the  hub  and  the  cylindrical  blade  shunks  are  covered 
by  a  spinner.  The  pro|a-ller  shanks  should  have  u 
smaller  effect  on  a  radial  engine  where  they  ore  shielded 
by  the  engine.  Where  only  data  “without  spinner" 
are  available  for  a  pro|a-ller  o|a-rating  in  front  of  a  liquid- 
cooled -engine  nncelle,  as  in  the  present  tests,  the  effect 
of  a  spinner  may  be  ohtained  bv  adding  an  increment 
of  thrust  to  account  for  the  drug  of  the  hub  uml  the 
shanks.  Neglecting  the  effect  of  inflow  velocity,  which 
for  this  purpose  should  he  permissible,  the  increment  of 
thrust  will  vary  with  V  nlt  in  the  following  manner: 
i  M'r—l'iV  where  k  is  a  constant  the  magnitude 
of  which  depends  upon  the  propeller  and  the  nacelle. 
The  value  of  k  for  the  pro|>ellcrs  and  the  nacelle  of  the 
present  tests  is  about  0.0007  for  2-blade  propellers  and 
about  0.00105  for  3-blade  propellers.  It  is  clear  from 
the  preceding  relation  that,  for  Rtntir  tests,  AfY=0  and 
so,  in  figure  33,  the  wind-tunnel-test  polars  “with 
spinner"  ami  the  static-test  polars  “without  spinner” 
arc  comparable. 

Proper  use  for  single-point  method  applied  to 
static-test  data.-  The  cast-  for  the  static-test  | tolars 
np|M*urs,  front  figure  33,  still  to  la-  unfavorable  although 
the  degree  of  accuracy  may  be  sufficient  for  some  pur¬ 
poses.  The  wind-tunnel-test  polars  for  the  2-  and  the 
3-blude  projH-llers  more  nearly  coincide  than  do  the 
static-test  |Htlars  for  the  2-  ami  the  3-blude  propellers. 
This  situation  indicates  that  Goldstein's  correction  fac¬ 
tor  for  a  finite  nundier  of  blades  may  not  apply  so  well 
to  static  tests  as  it  docs  to  wind-tunnel  tests. 

The  present  data  seem  to  indicate  that  airfoil  coeffi¬ 
cients  obtained  by  the  single-point  method  from  static 
tests  cannot  Ik-  converted  into  wind-tunnel  pro|>eller 
coefficients  with  any  high  degree  of-accurucy.  It  ap- 
pears  that  the  field  of  usefulness  of  the  static-test  polar 
is  rather  in  making  qualitative  comparisons  between 
propellers  of  not  too  dissimilar  design.  For  this  pur- 
|xiso,  simple  static  tests  may  replace  the  more  compli¬ 
cated  and  more  expensive  wind-tunnel  tests.  It  is 
admitted  that  the  evidence  upon  which  the  conclusions 
in  this  section  are  bused  is  insufficient  to  la-  entirely 
conclusive. 

Comparisons  of  static-test  polars.—  Static-test  polars 
can  undoubtedly  la-  used  in  comparing  propellers  iden- 
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lical  ui  every  res|iect  except  uirfoil  section.  Such  n 
comparison  lias  lieen  made  in  figure  34.  This  figure 
contirms  the  iiifornuition  (riven  in  figure  28  that  the 
sections  which  are  liest  utft&gh  angles  of  attack  (take- 
oir  ranee)  are  |M>oreat  at  low  angles  of  uttack  (|>euk 
efficiency,  high-s|>eed  range).  The  propeller  with  tin1 
Clark  Y  section  ap|iears  to  lie  a  good  compromise. 

A  comparison  of  the  static-test  polars  for  the  3-hludc 
propeller  5K(i,S  Kfi  ami  the  2-hludc  propeller  37  3(147, 
having  the  same  solidity,  is  given  in  figure  35.  Appar¬ 
ently,  there  is  little  to  choose  between  the  two  although, 
when  the  |Kilars  are  converted  to  ,'wind-2»uine!"  pro¬ 
peller  da  tu,  the  (ioldstein  factor  will  favor  the  3-hlude 
propeller  and  the  3-hladc  propeller  may  then,  as  indi¬ 
cated  in  reference  S,  have  a  higher  |HTik  efficiency  than 
the  2-blade  propeller. 

The  single-|Hiint  method  of  ohtuining  airfoil  churue- 
teristirs  from  static  tests  may  lie  useful  in  studying  the 
effects  of  compressibility.  An  indication  of  the  use*  of 
the  method  in  this  connection  is  given  in  figure  17 
which,  us  previously  explained,  shows  the  variation 
with  tip  s|H*ed  of  ('»,  C,,,,  and  C’„„  for  one  blade 
angle.  » 
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CONCLUSIONS  j 
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ably  villi  tip  speed  in  the  blade- angle  range  from  5° 
to  17&°  at  0.75/f.  Above  the  stall,  no  consistent  varia¬ 
tion  of  these  coefficients  with  tip  speed  was  noted. 

2.  Decrease  of  the  ratio  CT/Cr  with  tip  speed  was 
moat  marked  for  propellers  having  K.  A.  F.  G  airfoil 
sections,  least  marked  for  the  propeller  with  X.  A.  C.  A. 
2400-34  aeries  sections,  and  more  marked  for  2*blade 
than  for  3-blade  propellers. 

3.  Although  the  effect  of  compressibility  on  the 
2-blade  propeller  5HGS  KG  was  very  marked,  the  effect 
on  another  propeller  similar  in  every  rcs|>ect  except  for 
a  50-percent  increase  in  blade  width  was  small. 

4.  The  propellers  that  reached  the  highest  values  of 
CrlC'r  at  high  blade  angles  reached  the  lowest  values 
at  low  blade  angles.  This  fuel  indicutes  that,  for  the 
propellers  tested,  the  ones  which  have  the  highest  |>eak 
efficiency  will  have  the  |x>orest  take-off  efficiency. 

5.  The  single-point  method  of  calculating  airfoil 
coefficients  from  wind-tunnel  |>ro|>eller  dutn  was  not 
particularly  successful  for  the  present  profilers  except 
where  a  spinner  covered  up  the  huh  und  part  of  the 
long  cylindrical  blade  shanks. 

G.  The  singlc-|K»mt  method  of  calculating  airfoil 
characteristics  did  not  give  the  same  coefficients  when 
applied  to  Isitli  static-test  and  wind-tunnel-test  data. 

7.  Where  ns  the  single-|M)iiit  method  should  la-  of 
much  value  for  comparing  profilers,  it  (ha's  not  ap|a*ar 
likely  that  this  mctlual  will  displucc  wind-tunnel 


research  for  establishing  the  absolute  values  of  pro¬ 
peller  coefficients 
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y<xvrlfi|f . 
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X  -tX 

X  .Y 

Pitch _ 

V»*c. .. . . 

9 

+ 

9 

Vi 

1 

r 

Ahwiiti'y  i-Jji  llieiuiitfi  of  moment 

,  l  ,,  Af 

y/o?  r-  >9 

(roliin/;)  (pitching) 


;V  . 
(yuwmp) 


a. 


Aripln  of  (Mjt  of  control  knrfnce  (rr.lnUvo  to  nontffd 
ponition),  A.  (Infi'.iato  nurfftr«  by  proper  hiiIhm  ript.) 


4.  pi  oi'km.kk  HVMnom 


//, 

Dla/iii.tnr 

P,  ■ 

(Jeoinetric  pilch 

/'//>. 

Pitch  ratio 

n 

V", 

inflow  velocity 

Mfipiilrc.itrn  velocity 

n, 

'fliroiit,  nbaobito  coefficient  (!r--  Jtj/i 

n, 

r, 

<1, 

Toripio,  iiliaolnto  cm  fin  if  lit 

Power,  nbnolnto  coefficient  C 

Spend-power  coefficient*-'-*/  jtjji 
Efficiency 

Rovolufioim  per  Mvxtnil,  r.p  n. 
Effective  helix  nngle  —  Uui*’^---"^ 


I  )ijo<  I'i’-m/n  r,r,() 

I  in'. trie  fio/M  power  1  . 01X2  bp. 
1  in  p.li  0.147*1  m  ;/  a. 

I  n  p.*t  -  .’J.Wr. i  in  p  5i. 


5.  NUMKHK.'AI,  ItICl.ATlONH 

1  lb.  (M.'.ild  lip 

1  1-p  2.2  04(1  Hi. 

1  Ini.  1,000  !,'i  in  .'.,2Kll  ft, 
1  m  ;ix hdh  ft 


Bes,  Available  COPV 


